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Efe«p  sea  diving,  eaissen  er  t«r,nel  work^  erpcrt  dicing 
.xavtj  caa  ssoiaaoTi  featxire— 'tte  high  baror^trle  pressure  of  the  env±ron-‘ 
siertt  of  the  individual.  The  high  nregsure  introduces  several  poteufelal 
hazards  (l)  t<o  the  diver  that  are  relat^sd  tt')  the  gases  of  the  hl^t 
pressure  esvirofitnent,  or  to  the  pressure  changes  encouatered  when  enter¬ 
ing  or  leaving  the  high  pressure  snvironrrtt.  Several  of  the  dangers 
of  diving  produce  clinical  disaaters  Involving  the  nervous  system  (2). 
These  may  ba  due  to  th©  constituent  gaaea  of  respiration,  contajfiinants 
of  the  saane  gases  or  pressure  differanoes  within  the  body  cavities  and 
tissues. 

Whan  a  diver  mibRiergss  beloK  tJie  surface  of  the  water,  the 
air  he  breathes  imist  b@  delivered  to  him  ivcm  a  com^sressad  sourcie  to 
equalize  the  pressure  of  Uie  surrounding  water,  Th©  coii!f)r©ss©d  air 
enters  the  lungs,  crosses  the  alveoli  to  enter  the  blood  stream  and 
soon  reaches  thie  tlssuss.  111©  'unount  tint  enters  the  tissues  is  det,«r- 
mined  by  the  solubility  of  the  ;a5o.‘j  In  the  blood  stream,  arid  the 
diffusion  factors  of  the  blood- tissue  interface.  The  absolute  qxiantlty 
of  gas  that  enters  the  tissues  is  i.tetf^nnlned  by  these  factors  plus  the 
differei.ce  betwflien  initial  'us  pressure  md  the  pressure  of  the  depth 
of  tile  dive,  and  the  duration  of  the-  exposure  to  th©  high  pressure. 

Th©  tlssuss  become  charged  with  gas  very  much  like  a  sod.i  bottlfl  Is 
ctiarged  with  cirbcu  '1iv,rido.  If  tJw  pressure  drlvifv'  the  gas  into  the 
tlrtsues  is  reduced  r  ipl  lly,  'dv*  tiucis  ■:  os  colvivos  ~ucrh  liUV' 

the  gas  in  tfw  s*' ia  hottl»*  whan  the  is  pviile<1  aftor  s^utlclr^g;  bubiilee 

form  i  i  the  tissues  cil  tlw  blo'i  sirrajr,.  Tti©  bi.;bhl«3  In  tlse  tlosuo 
"'..'IV  lilTfcrt  t.STije  aril  c  nines  rain,  'i  i t'  »v  ex']iarid  i  tj  s  <ly  •»  i"igh 
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•lOtujiIlj  tMT  tlima*  iotarferlng  with  tholr  rvormal  function*  Itie 
bubbles  «l!io  enter  the  blool  strsaa  to  obstruct  capillaries  and 
ertMTioiee  of  raricus  organa.  Two  definite  types  of  nma*o logic  syn¬ 
droms  derelop  under  these  circuits tM&oes.  Ooe  is  due  to  deao!i9)resBioa 
sioknese  end  the  other  Is  due  to  air  enbollm* 

KEtJROLOOIC  MANIFESTATIOie  OF  DBOOMmESSIOIf  SICKNE3S 

Oeooapreaslon  sickness  occurs  when  insufficient  tine  is 
elloned  for  tissue  gas  to  enter  the  blood  strsan  in  solution*  The 
longer  and  deeper  the  dive,  the  longer  the  required  decompression  tine. 

When  the  pressure  ie  decreased  too  rapidly,  bubbles  form  within  the 
tissues  and  symptorai  are  piroduoed  by  the  tissue  distortion. 

Ibe  eonmonest  ayeptom  of  dacoeqpression  sickness  is  pain. 

Those  oases  that  hare  only  pain  as  the  manifsstatlon  of  disease  are 
often  described  as  haring  the  "bends".  This  term  appears  to  have  ori¬ 
ginated  from  the  posture  of  tunnel  workers  who  liad  compression  sickness— 
a  bent-over  posture  with  hip  a/id  knes  flexion  associated  i#lth  consider¬ 
able  pain  in  the  hack  and  logs.  Several  other  clinical  syndromes  will 
occur  and  noet  of  them  are  n^aurolo^^io  in  charaot^)r.  If  the  "bent" 
turmel  worker  Is  not  adequately  treated  by  recornpression  ho  will  often 
suffer  pemanent  cUoaege  to  his  nervoua  system.  Haymaker  has  given  an 
esoMllent  review  of  the  pathologic  dtsturbanoes  found  in  this  condition  (3). 

The  diver  presente  a  sumawhat  different  problem}  his  tteurologtc 
syndroBW  is  different  and  the  raslAia  of  inadequate  treatirent  are  usually 
different  from  those  of  fie  cal  aeon  (tunnel)  worker.  Dinars  are  ra- 
stricted  In  their  exposure  to  high  pressures  either  by  a  lljeited  gas 
supply  as  with  ths  aqualung,  or  by  the  schedulsd  decompression  time 
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phjraiologically  required,  e.  g,,  by  the  deep  sea  diver.  Those  who  do 
rsot  have  pain  usually  present  one  of  two  neujro logic  ayndroiuea:  l)  acijite 
onset;  2)  delayed  onset. 

The  following  case  illustrateo  the  first  or  acute  onset  type. 

The  patient  was  decompressing  from  a  100  foot,  t^’ 
minute  training  dive  on  air  in  an  indoor  training  chamber. 

H  the  7  f<K5t  level  he  coirplained  to  his  tender  over  the 
telephones  that  his  legs  were  weak.  By  the  time  he  reaped 
the  snirface  of  the  water  he  vxas  unconscious.  Treatment  by 
recorn3r?ssion  was  etai  t-'s  l  immediately  and  at  the  50  foot  level 
tile  patient  regained  ccnaciousne;is,  felt  well  but  weak.  At 
l65  feet,  maximum  recompre ssion  depth,  he  walked  without 
dlffioulty,  was  disoriented  to  time  and  place,  but  was  other¬ 
wise  normal.  Decompression  was  started  according  to  the 
treatment  table  schedule,  but  was  complicated  by  signs  of 
cerebral  edema  .  This  remiirad  a  readjustment  of  the  decom¬ 
pression  schedule.  The  edema  progressed  and  the  patient  be- 
caine  hemlpletgic  r":nd  suffered  focal  convulsions.  At  the  com¬ 
pletion  of  the  reeompresslon  treatment  that  patient  was  put 
in  the  hospital  where  he  steadily  improved  over  .i  period  of 
several  weeks. 

The  diver  had  a  short  dive  in  relatively  shallow  water  and 
would  not  usually  be  considered  to  be  a  candidate  for  decompresalcwn 
sickness.  His  cas*'  may  Actually  he  an  evflrtt'le  of  sir  embolism  which 
will  be  described  lat-er. 


Th*  ■oohanlSBi  of  this  accident  la  not  known,  Th«  div^  was 


toe  shallciv  te  prodoc*  claaaical  doconprpssion  slclcneaa  after  the  short 
ttsposure.  Ihe  vlcti»  had  been  Gainfully  exanined  before  his  training; 
and  waa  considered  healthy.  A  possible  alternative  to  dseo9f}ressioD 
sldcoeaa  as  an  eaplaastior.  fos-  this  case  was  described  by  Liebow,  et  «a 
(U),  idx)  had  the  opportunity  to  perform  an  autopsy  on  a  case  of  air 
Mebolisa,  vide  Infra.  A  partial  bronchial  obstruction  found  that 
had  gone  undetected  by  history  and  physical  and  roentgenologic  exanl- 
natioos.  Liebow  proposed  that  air  becams  trapped  l^ehind  the  partial 
obstruotlon  in  a  tingle  Mgment  of  lung^  and  that  on  ascent  the  en¬ 
trapped  air  expanded,  ruptured  the  alveolar  tlssres  and  gained  access 
to  the  blood  stream  with  resulting  air  eHboljam.  Evidence  for  this 
type  of  puLnonory  lesion  is  unlilcely  to  be  found  by  clinical  or  radio¬ 
graphic  Methods.  Bond  ($)  proposed  that  the  crucial  detection  technic 
would  bo  exposure  to  high  pressure.  It  is  possible  that  same  jf  the 
Mvwre  neurologic  syndromes  seen  among  divers  result  from  entrf^- 

nent  rather  than  frem  the  classical  mechanisms  of  decompression  sich- 
oess.  Entrapment  is  of  special  Interest  for  those  who  plan  to  use 
hyperbaric  oxygen  therapy.  Patients  of  uncertain  cardio -pulmonary 
history  who  may  have  undetected  partial  bronchial  obstructions  will  be 
unsuspected  victims  of  '’entrapment".  The  possibility  of  air  embolism 
will  be  high  and  plans  should  exist  for  the  correct  treatment  by  recom- 
preasion. 

The  second  or  delayed  onset  type  of  neurolcglc  syndrome  eeen 
with  deconprssslon  sloknees  is  leas  hazardous  and  somewhat  easier  to 
treat.  The  symptons  anpear  after  surfacing  ard  after  a  longer  delay 
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than  the  first  type,  progress  more  slowly,  and  seldoiB  leave  residua  or 
sequelae.  The  following  case  is  nada  available  to  m  fro®  the  files 
of  the  U,  S.  Navy  ^Experimental  Divlu'^  Unit. 

An  e:3q)erlenc©d  diver  surfaced  without  Incident  frcsa 
his  second  diva  of  the  day.  ilia  decompression  lasted  80  min¬ 
utes,  and  he  had  been  on  the  surface  three-quarters  of  an  hour 
when  his  legs  seented  to  be  numb.  One  hour  later,  he  had  diffi¬ 
culty  climbing  stairs  and  in  another  30  minutes  discovered 
that  hie  right  leq  was  vary  weak.  He  izniwdiately  returned 
to  the  diving  site  for  treatment  in  the  recoinpresslon  cham¬ 
ber.  On  exainination,  he  was  rientally  clear  and  without  speech 
difficulties.  His  right  arm  was  less  weak  than  his  leg.  The 
deep  tendon  reflexes  were  more  active  on  tl.o  right  than  on 
the  left,  and  the  right  plantar  rcs^Toase  was  extenscar 
(Babinski).  No  sensory  deficit  ’Jas  described.  He  was  unable 
to  urinate-  He  was  recompressed,  and  at  3  atmospheres  pres¬ 
sure  liad  lost  all  syirptono  ^nd  signs  of  deficit.  The  exam- 
ioaticn  at  this  time  was  normal  except  for  slight  weakness 
of  the  right  quadriceps  muscle.  It  was  assumed  that  he  )iad 
received  adequate  relief  and  was  therefore  treated  in 
accordance  with  Table  I  of  the  [;.  S,  Navy  Treatment  Tables. 

After  surfacing,  re-examitiation  was  completely  normal  and  Jie 
was  symptom- free.  Exarinatlona  after  2U  hours  were  also 
cCiTp  Ic  to  ly  r,o**m&l. 

A  survey  of  diving  acciaents  repca-ts  -we  are  satklng  is  still 
unfinished.  Unfort'oriately.  it  has  provided  very  little  lnf<5rmatif.n 
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•bont  5p«eiflo  raechanlms  of  production  of  the  ttf»urologi;  ayndiDfaefl. 

The  cooetellation  of  syn^toma  referrable  to  the  nervous  eyatesn  is  large. 
The  pattern  of  their  appoariKice  is  varied.  Seldom  do  classical  nmii'olo- 
gic  sycidroMa  appear  in  desanpression  sickness  as  they  will  in  9Ba;]or 
atery  thrombosis  or  in  air  ^holisa.  On  many  instaiu.oj  it  auacat 
liapossible  to  decide  if  the  disorder  Lies  in  the  spliiaL  cord,  brain 
stem,  internal  capsule  or  the  cerebral  hwUphere.  A  symptian  conplex 
such  as  blurred  vision  with  red,  scintillating  scotoma,  pain  In  the 
elbow  and  vertigo  is  hard  to  correlate  with  a  single  lesion.  There 
are  few  neurologic  signs  or  syuptcatss  that  havs  been  present  in  some  of 
our  500  oases,  no  characteristic  pattern  has  been  found,  and  yet  few 
classical  cllnico-anatomlc  patterns  have  been  seen. 

HEtJROLOGIC  JiANIFESTATlONS  OF  AIR  EMBOLISM 
Air  ajid>oIis«  among  divers  is  a  very  real  danger  and  very 
serious  accident.  It  usually  occurs  vjhen  ascent  is  rapid,  which  in 
itself  is  often  an  accident,  and  is  not  related  to  the  quantity  of  gas 
in  the  tissues  (6).  The  accepted  nechanlsm  for  the  production  of  air 
embolism  is  rupture  of  the  alveolar  ’«ll  by  over-ejqsanded  gas  within 
the  lungs  and  an  increased  transpulmonic  pressure  (7).  The  entrapment 
mechanism  is  one  possible  cause  of  over -expanded  gas.  Bniath-holding, 
coughing,  swallowing  are  others,  ^/hen  the  diver  has  his  lungs  filled 
with  compi.'essad  gas  and  ascends  more  rajjldly  than  this  ooBtpressed  gas, 
now  rapidly  expanding  am  the  presauT'o  decreases,  can  escape  through  the 
trachea,  the  alveolar  tissues  will  rupture  and  gas  will  enter  the  blood 
stream.  Less  often,  the  gas  will  dlsas^ct  the  peribronchial  ti«;su«8  and 


enter  the  mediasti  ram.  Ths  air  erabclus  enters  the  arterial  stream, 
passes  through  Um  heart  and  usually  enters  the  cerebral  circulation. 

The  syndro!®  erolv^d  is  d3tern-.i  rsed  b;;  the  location  of  the  embolus  and 
any  chajjge;^  that  may  occur  in  the  anbolus  .after  it  first  obstructs  a 
vessel.  The  clinical  onset  is  sudcten,  occasionally  while  the  subject 
is  still  in  the  water,  and  always  dramatic.  Treatment  is  immediate 
recompression  to  6  atmospheres  according  to  the  U.  5.  Navy  Treatment 
Tables  (1). 

Aiaong  divers  the  corononost  signs  and  sympto**  of  air  eanboliam 
occur  almost  Imraedia  ely  on  s’jrfacing,  but  one-third  occur  in  ascent  in 
the  water.  The  commonest  initial  symptom  is  loss  of  con3ciou.sne33,  but 
a  dizzy  feeling,  pain,  paralysis,  paresthesias,  convulsions,  ci"«3t  pain, 
cough,  nausea  and  headache  may  occur  before  loss  of  nonsciousness .  Some 
patients  have  visual  symptoms  such  as  scotoma,  constriction  of  the  visual 
fields,  loss  of  vision,  or  change,s  in  color  perception  suggesting  emboli 
in  the  vertebro-basilar  iiystem.  One  paMent  report.ed  an  hemianopsia. 
Regardless  of  the  mode  of  onset,  if  the  patient  is  net  unconscious 
from  the  beginning,  he  will  us'.'^ally  lose  consciousness  and  frequently 
will  have  a  convilsion.  Hemiplegias  aTe  corimcn,  and  respiratory  distress 
is  frequently  noted. 

The  only  large  collection  of  clinical  data  available  to  us  is 
from  the  submarine  escape  training  program  of  the  U,  S.  Navy.  Air  emboli 
undoubtedly  occur  among  sports-divers,  using  aqualungs  or  other  breathing 
devices,  but  no  reporting  system  exists  to  furnish  tlse  infonnat.ion. 

There  is  little  doubt  that  tlte  neurologic  syndrorw  Is  produced 
by  obstruction  of  pa’-ts  of  the  arterial  supply  to  the  brain.  The  obvious 


-8- 


DMd  to  recon9tltut«  3atiaf»ctory  blood  flow  to  the  ai^arrasaed  brain 
tiaorje  requires  bacte  in  itiitiatlna  treatwnt-,  FoTt’-Sistel?  pr<S!pt 
treetMnt  le  hi^ljr  T.icoessful ,  and  not  only  are  deaths  nnconmon  when 
correct  treatoent  Is  used,  but  post*treataient  morbidity  is  rare  {6). 
the  perfect  treatnent  plan  requires  recoi^ression  within  two  or  three 
niootes  of  the  clinical  onaet.  The  following  patient  typically  exempli-' 
flea  cases  of  air  eKbolian, 

An  experienced  submariner  was  learning  to  make  free 
ascent  escapes.  At  the  training  tank  he  successfully  made 
several  free  ascents  from  shallow  depths.  During  the  tiO  foot 
ascent,  no  errors  technic  were  noted  by  the  instructors  in 

the  water.  He  surfaced  uneventfully  and  swam  about  8  feet  to 
the  side  of  the  tank.  Thirty  seconds  later  he  was  clinging 
rigidly  to  the  ladder  with  the  head  turned  sharply  to  the 
left  and  a  (^sy  stare  was  observed.  He  was  unable  to  speak 
and  appeared  to  be  out  of  contact  with  his  environment.  His 
hands  were  pried  from  the  ladder,  he  was  taken  into  the  recora- 
presslon  chamber,  and  rapidly  recompressed  to  6  atjnospheres 
pressure  within  h  mimtes  of  the  onset.  At  2.8  atmospheres 
his  began  to  move  freely  and  at  k  atjiospheres  was  considered 
syufiteiAess ,  Physical  examination  remaled  no  abnonmi  ities. 
'Troataent  was  executed  sucoes-,  fully  and  the  patient  recovered 
completely. 

Witteut  apparent  warning,  the  diver  ssperisncad  a-ifficient 
focal  brain  damage  to  produce  an  adinersive  movemsnt,  loss  of  contact. 


-9- 


and  very  probably  a  focal  sol  sure.  He  had  aianosls  for  the  sat  lit: 
•piaode.  This  is  the  oj'pical  clinical  picture  aeen  by  the  diving  in- 
atructxirs  of  the  world:  radden  onset,  rapid  and  successful  therapy, 
and  no  sequelae. 

A  second  c»xaiiq;>le  of  air  emboliaa  ie  presented  to  illuetrate 
the  clinical  variability  and  to  offer  sew*  indirect  evidence  tear  the 
etlo logic  mechaniee. . 

A  3^‘'year-^ld  sutri  who  had  completed  subnarine 
esc^  training  several  times  was  undergoing  refresher  train¬ 
ing  as  required.  He  left  the  SO  foot  lock  at  the  escape 
training  tank  without  difficulty  for  a  free  ascent.  During 
the  ascent,  for  reasons  not  stated  in  the  report,  he  was 
taken  into  the  l8  foot  lock  and  when  seen  there  was  sputter¬ 
ing  and  coughing.  He  was  rational  and  without  apparent 
neurologic  deficit.  The  lock  was  drained  and  he  was  taken 
to  the  reooiapression  cf'iariber  in  about  2  mimites,  Ihere,  his 
pulse  amid  skin  oolor  were  good,  but  his  breathing  was  ster¬ 
torous.  Limpness  developed  almost  imnediately  in  the  left 
limbs  followed  by  stiffness  in  the  rijjh.t.  Then  generalized 
flaccidity  except  for  trismus  followed  and  marked  nuchal 
emphysema  was  noted.  Rscoaiprtss  .ion  was  liwmidjateLy  started. 

The  patient  was  at  this  time  unconscious  and  failed  to  respond 
to  stimuli.  At  5-2  atmospheres,  he  was  semiconscious  but 
failed  to  recognise  thoe  aroutKi  him,  and  he  did  not  respond 
to  verbal  (xuamands.  At  6  atiBosphorea,  he  regairasd  eonsclous- 
nesa  and  shortly  thareafter  muscle  tone  returned  and  breathing 
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twoMM  e«9ler.  Tho  p«tient  itaiyid  he  felt  ceanfortabla,  l^e 
left  llwba  were  described  ae  axa*  but  this  e«np\slnt  die- 
aiipe&red  after  20  minutes  exposure  at  6  atmospheres.  The 
treataent  was  continued  and  completed  without  further  erent, 
but  for  signs  of  Mediastinal  empnj’sema.  Post-reoo^preaslon 
x-rsgrs  of  the  ch#"t  revealed  streaking  in  the  pulsiDnlo  fields 
and  medisstlnuai  oc»gpatlble  with  essFdiyseaB  and  atelectasis. 

This  pstient  experienced  severe  and  rapid  neurologic  enbar- 
rasanent.  Because  the  neurologic  disturbances  were  ao  Inssedlately  asso¬ 
ciated  with  pulmonic  syiaptcaBS  and  signs,  it  could  be  predicted  that  they 
resulted  from  air  enholisra  of  pulmonic  origin  (8).  'iheir  bilaterality 
suggested  either  bilateral  carotid  or  \’ertebrt>~basilar  erboli.  The 
very  short  duration  of  the  olinlcal  dijoi’der  was  due  to  tjjo  iranediate 
use  of  correct  therapy.  There  is  very  little  evidence  concerning  the 
allowable  safe  delay  before  therapy,  but  if  one  ascrumes  the  synp- 

toms  were  the  result  of  arterial  ovbstrurtion,  tt»n  only  a  few  minutas 
is  available  before  Irreversible  damage  ^rill  occur.  Tiierapy  now  avail- 
abls  and  established  as  effective  Is  recomjire salon  in  a  properly  nu^'med 
ti’eatment  unit.  No  other  technique  appears  to  remove  the  emboli  as 
effectively  as  recoropression.  Animal  experiments  reported  by 
french  Naval  Laboratories  at  Toulon  suggest  that  Heparin  when  quickly 
injected  may  be  equally  useful.  The  residua  of  air  emboli  decre«,^od 
from  about  90^  in  their  imheparinl?.ed  animals  to  almost  lOII  in  tlie 
heparinlsed  animals,  'het^wir  thim  methc^  can  be  used  in  ti»  huawn  is 
not  yet  demons tra ted.  Understanding  of  the  maohanlsm  of  the  benefit 
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fram  Hep'irin  is  f»t  beat  speculativ’e  but  a  decreasa  ia  bubble  sriirface 
tension  and  s  oonaequont  fragnentation  of  tiie  bubbles  with  relief  cf  the 
obetr’ictlon  my  be  suspected. 

MANimTATIOf©  OF  INERT  QAS  MA^iOSIS 

Behnke,  Thomson  and  Motley  (9)  disnonstrated  that  the  confu¬ 
sion  and  narcosis  experienced  ty  deep  sea  divers  breathing  compressed 
air  was  due  to  ths  niti*ogen  in  the  air.  They  were  abl*  to  show  that 
heavier  inert  gases  (ergon)  iacs'cnaed  the  naroosis  and  lighter  gases 
(helium)  decraasod  it.  According  to  thw  fteyer-Overton  hypothesis  for 
the  narcotic  effect  of  volatile  gises,  the  oil-water  solubility  ratios 
of  the  agents  are  rolated  to  their  efficacy.  The  meaarurai  ratios,  called 
the  BJinsen  coefficients,  of  the  inert  gases  predict  the  narcotic  effect 
in  the  order  obeervod.  These  studios  have  been  confirmed  frequerAtly. 

Ihe  clinical  manlfestatlofa  of  iricrt  nos  nai'oosis  are  protein 
and  variable.  Prolonged  ejqjOsnire  will  procJuce  in  the  8ub>ot  an  unmis- 
takeable  oliolcai  ctatc  of  mental  iijef  feotivenese,  euphoria.  Inappro¬ 
priate  hshiivior,  leth-nTpy,  liAliucinntions  and  vincooscioucneas. 

S'jsceptabl llty  te  tuirccals  Is  individual,  variable  from  time 
to  time  and  fi'om  t*-’  p^trson,  and  rarely  noted  at  pressures  of 

less  than  L  atmospherGs  wian  breathing  air.  Bennett  (10)  refKjrted  that 
aleatroonoephelcipraphio  f%atv;re£  my  predict  susceptabillty  In  certain 
cases,  Irat  this  has  !iot  yet  fsen  conf iriGed. 

M?iNIFEST.vriO:!S  Ui'  in'i’KHOX‘'>0  POIGONLNO 

Sxfxjsfure  to  hlgia  parti  it  I  pressureii  of  oxygen  produce  toatio 
®f facts  on  various  t  isevwsa  of  the  bodj",  occasionally  manifest  by  pliysio- 
logij  alterations  alot«  ar»d  cccasiorially  accoiny)ani»d  by  histologio 
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ohuifM.  Paul  Bart  (1878)  daaoribad  ox]F^«n  conmlalons  (ll).  Lorraln 
SiBith  dtescrlbed  th«  puljiosiar/  dtitMMi*  after  0.8  atwMphare  iocyfftn  espo- 
Mre  of  •eeeral  day*  (12),  Th®  tragedy  cf  high  cxygcfi  envlronaents  ia 
inoabatoim  fcr  prajuiture  infanta  that  ’’oauaad’*  retro lantal  flbiroplaaia 
ia  fwillar.  Viruaaa  gmr  batter  whan  the  partial  praaaura  of  oxygen 
la  inoraaaad  (13).  Da  Alnleda  deacribed  teatieular  daicage  in  ajqjarlmntal 
aninala  after  axposxvra  to  high  partial  presauras  of  oxygen  (lii).  Steri¬ 
lity  nay  beoone  an  occupational  hatard  anong  aurgeona  who  uae  hyperbarlo 
oxyierx  ohiMlbera. 

The  type  of  hyperoacic  polaonlng  seen  mong  divert  occura  whan 
tha  partial  pressure  of  ojqrgan  exoeeda  tiao  atnoepherea  absolute  and 
takes  tha  form  of  the  oxygen  convulsion  (I'J).  A  diver  working  at  30 
CO  35  feet  on  pure  oxygen  may  experience  a  convulsion  whe.eas  the  sanke 
man,  sitting  quietly  in  a  dry  chenber,  may  tolerate  exposures  to  60  or 
70  feat  for  periods  two  to  thred  timea  as  long.  It  has  aleo  i>aen 
obs  nred  that  nore  divers  have  convuisiona  in  warm  than  In  cold  water. 

A  anall  Inoraass  in  the  partial  pressure  of  carbon  dLoxlda  In  tha  breathing 
■Mdliam  will  also  shorten  the  latency  and  increase  the  incldenoe  of  con- 
vulsione.  Bbcarelse  will  also  Increase  ausceptabillty  to  o:r^gen  convul¬ 
sions.  Oxygen  ia  rarely  uoed  to  repU>:s  compressed  air  by  non-military 
dl'i'ers  because  of  the  liasard  of  oxygen  oonvulslon?'.  Sports  divers  should 
never  use  oxygen  In  their  equipsMint,  but  In  the  event  of  their  becoming 
afflicted  with  dsoompresslon  sickness  may  be  given  oxygen  under  increased 
pressure  durii.'g  treatawnt.  Unfortunatelj',  even  Individuals  with  axperlwjoe 
using  oxygen  during  treatmant  may  still  on  any  particular  exposure  havs 
an  oxygen  convulsion  (l6).  Fortunately,  the  fr*q\tonoy  of  such  an  event- 
uuUty  is  very  small. 
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The  of  Uie  convTjlalofiia ,  or  the  mechanlnn  of  their  pro¬ 

duction  Is  net  Icncira.  Soweral  theories  exist,  but  Iltlle  clarification 
has  occurred*  itvK  cUnlcal  raanifest^itionS  will  sound  quite  fart:*  liar 
to  eliniclsns  (s.t;;>sclslly  the  rfeurologists ;  as  they  am  iittio  dif  f«i - 
ent  from  those  observed  amoon  patients  with  epilepsy,  Many  of  the 
patients  can  tell  ycu  that  they  becaitMS  hot,  felt  flushed,  had  a  con¬ 
striction  of  their  peripheral  visunl  field,  developed  a  sudden  head¬ 
ache  ((stenerallsed),  noticed  twi tolling  tn  the  'icial  msclea,  especially 
about  the  iKtuth,  or  developed  a  g,eneraliied  paresthesia— a  numb  feeling, 
not  a  tlngllrig.  Sons  had  wertlp',',  while  a  few  experienced  nausea, 
tinnitus,  or  scintillating  sootonw.  Abcmt  30  per  cent  of  the  patients 
will  lose  consciousress  as  the  first  neurologic  sianifestation  of  the 
oxygen  poisoning.  Most  of  the  convulsions  have  been  described  aj 
tonic -clonic  ,  i^^enerallted,  motor  seizurss,  indistl'Jgulshabie  from  \lho5s 
of  grand  mal.  I  nave  found  one  or  two  that  are  focal,  but  this  is 
unusual. 

If  the  convulsion  occurs  in  the  water  Uio  greatest  hasard  la 
drowning.  This  Is  one  of  t‘ie  many  safety  reasons  for  diving  with  a 
"buddy*'.  Treatment  of  ths  oxygen  convulsion  ia  straight-forward— stop 
using  oxygeni  It  is  not  necessary  to  decompress.  Over  9S%  of  the  con¬ 
vulsions  were  self-limited  in  our  series,  arud  nc  specific  therapy  b«- 
joind  replacing  tlie  oxygen  wltft  compmased  air  was  »{lven, 

;ievrral  studies  liavr  been  conducted  on  the  effect  of  ttrugs 
on  the  Inoidenee  of  the  oi^gen  convulsions.  Most  of  the  anticonvulsants 
have  Increased  this  threshold,  and  many  agents  that  increase  partial 


of  ourtmi  dituctdt  in  th*  will  dbcreaae  th«  ihmsbel)!, 

0a»  tiMi^  of  cacjrp»n  tozloity  postulates  ii^alm'^it  of  sulThydrsl  so»- 
teln^fic  snayas  systesks,  «s  mmj  occur  after  radiation,  and  therefr^re 
seserel  ecsnte  used  to  prceeot  redlstloa  sloknees  have  been  tested  end 
fosnd  to  offer  sorae  preteotion  j^siast  engrgen  tozlci^* 

fartwAsteljr,  this  netorologio  haserd  cf  dlring  o«n  be  avoided 
b]r  the  sisqple  eiqpedieot  of  using  ojapreseed  air  for  the  breathing  Mdlme, 
and  tisiag  safe  diving  prooedures  while  In  the  water. 

gm^fCR  sowcisi  cr  met/Roz/xsc  hazards 

When  a  diver  it  not  careful  of  his  souroe  of  oosqpressed  air, 
tie  Mtj  find  it  oontasineted  with  carbon  nonozlde.  This  occurs  when 
otl-lubrlosted  oo«pieasore  of  orditviry  design  are  used.  Cdvers'  gas 
eopplies  aajr  be  obtained  froet  .special  ooggiressors ,  and  these  should  have 
thailr  Qoagsressed  gas  oheeked  bgr  routine  gas  analysis.  Carbon  -lonoxide 
oontTi  ns  ted  gee  euppllea  when  bieathed  st  depth  My  result  in  uneco* 
seiousnens  or  death  without  wemlng.  Tresteent  is  Iwiedlate  renoval 
of  the  eontsK..n«ted  gas  scums  and  thus  resuscitation  Mesnres  indicated. 

Many  aoweples  of  marina  life  produce  nen  ous  ays  tan  toxins 
ttunt  een  be  hstardous  to  thw  dlv«r.  Ths  sea  snehe  is  perhaps  the  neat 
toxctc,  but  the  sea  wmsp,  the  Portogueae  MnH>f<efer  and  ae^  urchins  are 
sinilsrly  dangerous.  Tne  arsiptoee  oftsn  start  with  Intenee  pain  {nna- 
of owar^  urohiAS,  m*  vasp).  followed  by  paralysis,  anesthesia,  loss  of 
spseoh,  rei^iratory  'ffSibarrassMent ,  oonvulsioos  and  daath«  The  treat* 
eent  consists  of  ress)vinf  the  toxlo  source ,  oXeenlng  the  wound,  oee*^ 
slioslly  atiiidnisb«rlng  enUhUtsiaiiie  dru#s,  rnd  la  eoHS  Iniataoees 


*ntl venom  (»«s  snuke),  '’jeveral  fish  ar^  vencJKious.  Tha  avw^teaw  are 
quite  similar,  as  is  the  treatr’ent.  Prevention  Is  the  best  therapy. 
ProBspt  recognition  of  the  iTiariae  hazard  permits  the  diver  to  avoid  It, 
uloves,  exposure  swisi  suits,  and  shoes  will  often  protect  the  sports 
di'/er, 

SlffWAKT 

Diving  Is  hazardous.  Both  the  water  and  the  Increased  pres¬ 
sure  pi*esont  hazards  to  the  nervous  systea.  Some  of  the  nexiro logic 
manifestatlone  of  dscorqpression  sj.ekness — air  enbollsa,  inert,  gas  nar- 
cc  sis,  and  oxygen  toxicity — have  laesn  described.  A  few  of  the  msirlns 
life  hazards  have  been  tnentioaed  that  are  toxic  to  the  nervous  sywtrji. 

Careful  diving  technic  combined  ^iith  knowledge  of  the  potential 
sources  nf  danger  should  penult  saic  diving  witSsut  embarrastner t  to 
the  nervf'jjs  aystew.  Careles'^nejis  1»  dlvljng  is  fraught  with  danger. 
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